CONTEXT AND OBJECTIVE: Nestin, a class VI intermediate filament protein, is highly expressed in the portal mesenchyme and sinusoidal endothelium of the human fetal liver, but scarcely expressed in adult portal vessel endothelium. During experimental liver regeneration, an increased number of nestin-positive parenchymal cells have been observed in the zone adjacent to the Hering canals. These parenchymal cells are regarded as hepatic stem cells or hepatoblasts, which may be involved in hepatocellular carcinogenesis. In the light of recent reports describing nestin-positive parenchymal cells in hepatocellular carcinoma, we aimed to use this tumor type as a positive control for immunohistochemical detection of nestin. DESIGN AND SETTING: Experimental study conducted at a university hospital. METHODS: Hepatocellular carcinoma sections from one case were analyzed for nestin expression by immunohistochemistry using confocal microscopy. RESULTS: Surprisingly, a conspicuous pattern resembling liver sinusoid-like cytoarchitecture was observed upon nestin staining of endothelial cells. CONCLUSIONS: This pattern has not been previously described. The preliminary results shown here suggest that nestin-positive endothelial cells are located in niches of immature or proliferative cells. Moreover, nestin expression in endothelial cells of hepatocellular carcinoma enhances the role of angiogenesis in this tumor type, although the prevalence of this immunohistopathological pattern remains to be determined. Finally, hepatocellular carcinoma is an effective positive control for nestin staining in fluorescent immunohistochemistry.
INTRODUCTION
The search for a specific marker of neural stem cells during brain development has led to identification and isolation of the gene encoding nestin, 1 a class VI intermediate filament protein. Since then, nestin staining has been described in the embryogenesis of tissues originating from all three germ layers as well as in relation to regeneration, tumorigenesis and physiological conditions in adult mammals. 2, 3 Therefore, nestin has been detected under different conditions, in a wide variety of tissues and at a broad range of intensities, which has hindered identification of its actual function.
Nestin is expressed in the portal mesenchyme and the sinusoidal endothelium of the liver during development, and in a few endothelial cells of the portal vessels in adult individuals. 4 Moreover, hepatic stem cells, which express nestin, have been characterized in cultured adult human liver cells in vitro. 5 However, controversy continues regarding the phenotypic and histological features of human hepatic stem cells. 5, 6 Hepatocyte regeneration via hepatic stem cells occurs primarily within the topography of the Hering canals (the distal structure of biliary trees), towards the central vein. According to one study, the Hering canal cells are hepatic stem cells and are responsible for the ductal reaction during human liver regeneration and for the genesis of cholangiocytes and hepatocytes.
Hepatoblasts, which line the Hering canals, are transit-amplifying cells and give rise to hepatocytes. 6 Another study has indicated that hepatic stem cells are more lineage-restricted in vivo, 5 similar to the hepatoblasts described above. Importantly, we are not aware of any studies showing nestin expression in tissue slices of human liver during regeneration. However, nestin has been shown to be present in a subset of oval cells, which are murine progenitor cells spawned during liver regeneration. 7 Taken together, these data suggest that hepatic stem cells may be classified as parenchymal cells. Hepatic stem cells may give rise to hepatocellular carcinoma. [8] [9] [10] Accordingly, clusters of nestin-positive parenchymal cells have been observed in hepatocellular carcinoma slices. 10 Moreover, it has been suggested that hepatocellular carcinoma is a positive control for nestin expression, because of the staining of parenchymal cells, according to the data sheet from a commercially available anti-nestin primary antibody.
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OBJECTIVES
We performed nestin staining in hepatocellular carcinoma slices with the aim of identifying a reliable positive control for immunohistochemical detection of this protein, 12 and report this preliminary result in order to discuss the role of nestinexpressing endothelial cells, particularly in hepatocellular carcinoma angiogenesis.
METHODS
This study was carried out after receiving approval from the Immunohistochemistry was performed on the hepatocellular carcinoma slices based on an immunofluorescence protocol that we had developed previously. 12 In summary, the slices were USA) was applied for 1 h, and the slides were washed again.
4' ,6-diamidino-2-phenylindole (DAPI; 1:1,000 w/v, catalog no.
46190, ThermoScientific, Rockford, IL, USA) was used to stain the nuclei. A final wash was carried out, an anti-fading solution (Vectashield, catalog no. H1000, Vector Laboratories, Burlingame, CA, USA) was applied and coverslips were used to cover the hepatocellular carcinoma slices.
The hepatocellular carcinoma slides were analyzed using a Zeiss 510 UV META microscope (Carl Zeiss MicroImaging, Thornwood, NY, USA), and the images were saved and edited using the LSM 510 META software (Zeiss MicroImaging).
To generate a panel that included a negative control and a representative result, the images were edited further using Photoshop CS5 Extended software (Adobe Systems Incorporated, San Jose, CA, USA).
To illustrate the features of nestin staining on another tissue, we used a glioblastoma sample and another anti-nestin primary antibody (rabbit polyclonal antibody, 1:5,000, catalog no.
AB5922, Millipore). In this case, a labeled streptavidin biotin kit was used, as recommended by the manufacturer (Dako LSAB+ System-HRP, catalog no. K0690, Dako Denmark, Glostrup, Denmark). Bright-field microscopy was performed using a Nikon Optiphot-2 microscope (Nikon, Tokyo, Japan) to analyze the nestin staining pattern in the glioblastoma and the hematoxylin-eosin staining of the hepatocellular carcinoma sample.
The images were captured using a CoolSNAP Pro CF color digital camera (Media Cybernetics, Inc., Bethesda, MD, USA), saved using the Image-Pro Plus software (Media Cybernetics) and edited using the Photoshop CS5 Extended software (Adobe). Immunohistochemistry on the glioblastoma sample revealed a diffuse nestin staining pattern (Figure 3) . However, when fluorescent probes were used, the intense auto-fluorescence of this type of tumor (data not shown) hindered confident identification of cells stained for nestin. Therefore, hepatocellular carcinoma is a more suitable option for a nestin-positive control than glioblastoma, when using fluorescent immunohistochemistry.
RESULTS
All
DISCUSSION
Nestin-positive endothelial cells are considered to be a marker of newly formed blood vessels. 13 As in highly angiogenic tumors, nestin is expressed in endothelial cells of many organs during development or regeneration, in both humans 3 and experimental models. 14 Rat pancreatic endothelial cells express nestin during pancreatic regeneration but not in the quiescent state. neurogenesis. 17 Therefore, one interesting hypothesis to be tested is whether nestin-positive endothelial cells indicate a niche with regenerative potential.
Hepatic stem cell features have been described in a subgroup of hepatocellular carcinomas that are clinically characterized by a poor outcome. [8] [9] [10] In one study, high serum levels of neural cell adhesion molecule, which is also a hepatic stem cell marker, were detected in a group of hepatocellular carcinoma patients, 9 and tumor specimens from a smaller proportion of these cases harbored clusters of cells that were positive for the neural cell adhesion molecule. Furthermore, some hepatocellular carcinoma cases showed a gene expression pattern comparable to that presented by rat embryo hepatoblasts, as analyzed by means of a DNA microarray. 8 Finally, using the quantitative real-time polymerase chain reaction and a tissue microarray, Yang et al. pancreas, nestin-positive endothelial cells have been found in both endocrine and exocrine tissues, in numbers that exceed the turnover of endothelial cells. 15 Likewise, a study on the coupling of angiogenesis and neurogenesis in the adult rat brain showed that nestin-positive endothelial cells were found in mature capillaries. 16 Moreover, we found nestin-positive endothelial cells in non-pathological adult human brain tissue. 12 Nonetheless, these cells may have a paracrine effect in tissue-specific progenitor cells during regeneration. Indeed, in the human exocrine pancreas, nestin-positive endothelial cells are adjacent to regions in the ductal epithelium that harbor putative islet progenitor cells. 15 Furthermore, in our previous study, 12 One caveat of our study is that we only used one hepatocellular carcinoma case, yet the lack of information regarding a subject with such relevance and the results presented here warrant this report. For instance, although hepatocellular carcinoma is the fifth most frequent tumor type, its prognosis is highly heterogeneous. [8] [9] [10] Additionally, nestin is a broadly used molecule in regenerative medicine and in oncology research, 3 This staining could easily be distinguished if the immunohistochemistry reaction was revealed through the immunoenzymatic reaction but not through the immunofluorescence method. Scale bar: 50 µm.
